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Japanese Patent Laid -Open No. 92641/1974 
Date Laid Open: September 4, 1974 
Application No.: 4728/1973 
Application Date: January 3, 1973 
Inventor: Mikiharu Kojima 

Applicant: Nobuto Ohta, Chief of The Institute of 

Technology 

Title of the Invention: 

COOLING APPARATUS 

Claim: 

A cooling apparatus comprising a vessel for storing 
a cooling medium therein and gasifying the cooling medium 
therein with heat from a heating element, a circulation 
system for liquefying said gasified cooling medium and 
returning the resulting liquefied cooling medium to said 
vessel, and an air reservoir provided in said vessel or 
said circulation system, varying in volume depending upon 
changes in the internal pressure and used for storing 
during an operation of said apparatus a gas other than the 
cooling medium which exists in said circulation system 
and said vessel. 

Detailed Description of the Invention: 

The present invention relates to an apparatus for 
cooling a heating medium by utilizing the evaporation 


heat of a liquid. 

A cooling apparatus of this kind generally consists 
of a vessel for storing a cooling medium (liquid) therein, 
and a system for circulating the cooling medium, and 
adapted to liquefy the cooling medium which has been 
gasified by the heat from a heating element and return 
the resulting liquefied cooling medium to the vessel. 

In order to improve the cooling capability of an 
apparatus of this kind, it is important to efficiently 
liquefy a cooling medium in a circulation system. In order 
to efficiently liquefy a cooling medium, it should be 
avoided to mix a gas, which is other than the cooling 
medium, and which is, for example, air, in that portion 
of the cooling apparatus, in which the cooling medium 
is liquefied, i.e. a so-called condenser. 

However, when the cooling apparatus is constructed 
such that the air in the vessel and circulation system 
is completely removed to then fill the same with a cooling 
medium, the pressures in the vessel and circulation system 
become equal to the steam pressure of the cooling medium 
while the apparatus is not in operation, so that a high 
atmospheric pressure is applied to the vessel and circulation 


system. Therefore, it is necessary to take the pressure 
resistance and the sealing of the vessel and circulation 
system into consideration when designing these parts - 
Accordingly, the material for and shape of the vessel 
and circulation system are limited. This causes troubles 
with respect to the manufacturing cost of the apparatus 
and the place in which the apparatus is used. 

An object of the present invention is to provide a 
cooling apparatus free from the above-described troubles. 

Another object of the present invention is to provide 
a cooling apparatus which has an excellent cooling capability 
and which can be manufactured easily at a low cost. 

The present invention is characterized by an air 
reservoir provided in the vessel or circulation system, 
varying in volume depending upon changes in the internal 
pressure and used for storing during an operation of the 
apparatus a gas other than the cooling medium which exists 
in the circulation system and vessel. 

In an apparatus constructed as mentioned above, 
a gas other than the cooling medium existing in a circulation . 
system and vessel is forced out into an air reservoir by 
means of a gasified cooling medium during an operation of 


the apparatus so that the circulation system is filled 
with the cooling medium alone. As a result, the cooling 
medium can be liquefied efficiently and the cooling capability 
of the apparatus can be improved. 

While the apparatus is not in operation, the air 
which has been forced into the air reservoir is returned 
to the circulation system and vessel. As a result, the 
pressures in the circulation system and vessel are main- 
tained equal to the atmospheric pressure so that a high 
pressure will never be applied to the circulation system 
and vessel. 

An embodiment of the present invention will be 
described with reference to the accompanying drawing. 

Referring to the drawing, reference numeral 1 denotes 
a vessel filled with a heating element 2 and Freon R-118 
serving as a cooling medium. Reference numeral 8 denotes 
a condenser consisting of a hose 4 having fins 5 on the 
outer circumferential surface thereof, and connected to 
an upper end portion of the vessel 1 at one end thereof 
and to a lower side portion of the vessel 1 at the other 
end thereof. A rubber-bellow type air reservoir 6 is 
provided at an upper end portion of the condenser 8. 


The air reservoir 6 consists of rubber bellows 7 and 
iron plates 8, 9 with which the rubber bellows 7 are 
closed at both ends thereof, and adapted to vary in 
volume depending upon the changes in the internal pressure. 

Since the specific gravity of vapor of Freon R-118 
is 1.5 time that of air, the vapor of Freon R-118 occurring 
due to the heat from the heating element 2 causes the 
air in the vessel 1 and condenser 8 to be forced out 
therefrom in the upward direction into the air reservoir 
6 provided at an upper portion of the condenser 3. 
Accordingly, the vessel 1 and condenser 8 are substantially 
filled with vapor of Freon R-118 during an operation of 
the apparatus. This allows Freon R-118 to be liquefied 
efficiently in the condenser 8. 

On the other hand, when the apparatus is not in 
operation or when heat is not generated by the heating 
element 2 so that the gasification of Freon R-118 is not 
carried out, the air which has been forced into the 
air reservoir 6 is returned to the vessel 1 and condenser 
8. As a result, the pressure in the condenser 8 can 
be maintained equal to the atmospheric pressure. 

Therefore, it is not necessary that the vessel 
1 and condenser 8 have a specially high pressure resistance. 


Namely, a material for and the shape of the vessel 1 
and condenser 8 can be selected comparatively freely. 
In fact, the vessel 1 and condenser 8 can be manufactured 
easily at a low cost to a form suited to the surrounding 
conditions. 

Since the above-described embodiment in particular, 
which employs Freon R-118 as a cooling medium, has a 
sufficient cooling effect even when it is made to small 
dimensions, and is most suitably used as a cooling 
apparatus for a controlling semiconductor device for a 
drive motor in, for example, electric cars. 

The boiling point of Freon R-118 at 1 atmosphere 
is 47. 6 'C, at 2 atmospheres 70'C, and at 3 atmospheres 
85 °C so that the heating element, i.e. the controlling 
semiconductor device can be maintained at not more than 
lOO^C. In addition, Freon R-118 has a high insulation 
and, therefore, the controlling semiconductor device 
can be immersed directly in Freon R-118 so as to be 
efficiently cooled. 

Although the above-described embodiment employs 
Freon R-118 as a cooling medium, many other kinds of 
cooling media including Freon cooling media, such as 
Freon R-114 can be used. 


The above embodiment uses a bellow type air reservoir 
but the air reservoir for an apparatus according to the 
present invention is not limited to such a type of one. 
The air reservoir may consist of a rubber baloon or a 
top-closed cylinder sunk in a liquid. 

A cooling apparatus according to the present invention 
is most advantageously used as a cooling apparatus for a 
controlling semiconductor device for a drive motor in 
electric cars but it can be applied to many other kinds 
of machines. 

A cooling apparatus according to the present invention 
is provided as mentioned above with an air reservoir in a 
vessel filled with a cooling medium or a circulation 
system for liquefying the cooling medium, so as to gather 
during an operation of the apparatus a gas other than the 
cooling medium existing in the vessel and circulation 
system. Therefore, the cooling capability of the apparatus 
is high, and it is not necessary to pay a special attention 
to the pressure resistance and sealing of the apparatus. 
As a result, a cooling apparatus according to the present 
invention can be manufactured to small dimensions and 
weight by a simple method and at a low cost. 
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Brief Description of the Drawing: 

The accompanying drawing is a sectional view of an 

embodiment of the present invention. 

1... vessel, 2. . .heating element, 3 ... condenser , 
4... hose, 5... fins, 6... air reservoir, 7... rubber 
bellows, 8,9. . .iron plates. 

Applicant: Nobuto Ohta, Chief of The Institute of Technology 
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